
lUSE of growth hormone 



>-p r ef egabtyHruTnan^ 



inve ntiofi relates to the use of growth hos 
frowth hormone or analogues thereof for the manufacturin^oi^rte^icament for 
treatment of individuals with the Metabolic syhaj^mefelso labeled Syndrome X). 
They include individuals with abdomjiW^sceral obesity and its metabolic and 
circulatory consequencesjnckrdmg insulin resistance, lipoprotein aberrations and 
hypertension. Th^medkament is also used to increase insulin sensitivity and for 
cmdrpr evention of n bn^nsulin dependent diabetes m ellitus. 



Introduction 

Striking similarities exhibits between The Metabolic Syndrome L 2 (also labeled 
Syndrome X or Primary Insulin Resistance Syndrome) and untreated GH 
deficiency in adults 3 . The most central findings in both these syndromes are 
abdominal/visceral obesity and insulin resistance Other features common 

to both conditions are high triglyceride and low high-density lipoprotein 
cholesterol concentrations, an increased prevalence of hypertension, elevated 
levels of plasma fibrinogen and plasminogen activator inhibitor-1 activity, 
premature atherosclerosis and increased mortality from cardiovascular diseases ^ 
4, 7-11. 

The Metabolic Syndrome is associated with multiple endocrine abnormalities. 
They include increased Cortisol secretion, blunted secretion of gonadotrophs and 
sex steroids and abnormalities in the GH/ insulin-like growth factor-I (IGF-I) axis 
12-14. With increased adiposity GH secretion is blunted with decreased mass of 



GH secreted per burst but without any major impact on GH secretory burst 
freouencv 15. The serum IGF-I concentration is principally GH dependent and 
influences GH secretion though a negative feed-back system 16. The serum levels 
of IGF-I are mversely related to the percentage body fat 15. In addition, we have 
previously shown that the low serum IGF-I concentration in obesity * 
predominantly related to the amount of visceral adipose tissue andnotto the 
an.ount of subcutaneous fat mass 13. These findings, together with other 
endocrine disturbances in central obesity, suggest that the low GH secretion which 
is observed is secondary to a central distance of the neuroendocrine regulation, 
including the GH/IGF-I axis. 

The abdominal/ visceral obes lt y and insulin resistance observed in The Me^bolic 
Syndrome constitute the base for hypertension, dyslipoproteinemia and non- 
insulin dependent diabetes mellitus. 

f.vorableeffectsonmostofmefea^resofGHdeficiencyinadults^Whether 

rhGHtreatmentcanimprovethemetaboUcabnormalitiesobservedm 
^abdommal/visceral obesity ha^never been Wted^ the present s^dya 

/randomized, double-blind, placebo-controUed design was used to evaluate the 
V effects of rhGH administration in patients with abdominal/visceral obesuy 

20 Xnthepresentsmdythirtymen^Stofieyearsofagewimabdominal/visceral 
obe.ityweretreatedwithrecombinanthumanGHtrhG^ina^month 
^dorruzeidouble-bUnd^lacebo-controlled trial. Bodyfat was assessed from 
tota I b odypotassium and abdominal subcutaneous and visceral adipose tissue was 
measured using computed tomography. Glucose disposal rate(GDR) was 

* measured during euglycemic, hyperinsulinemic glucose damp. 



t0 the rhGH treatment, totalbody fat, abdominal subcutaneous and 
In response to the rn^nn „„i ratel increased in the 

• ™, adipose tissue decreased. The GDR (glucose disposal rate) mcr 
vrsceral adipos placeb o-treated on. The mean serum 

rh GH-treated group as compared with P felood lucose 

« « n f total cholesterol and triglyceride decreased wmi 
concentrations of total cho 

unchanged in response to rhGH treatment. 

ttudv has demonstrated that GH can favorably affect some of the 
The present study has uem qOTldroiri e This includes a 

multipleperturbations^sociatedwithTheMetaboUcSyndrome. 

possible. 

«„■ .mustbere^rdedasunexpectedandsurprisingandofubmost 

The findings must be re c associated with increased 

13 mterestgivingapossibilitytotreatandpreventdiseasesassoc 

cardiovascular morbidity and mortahty. 

thereof as claimed in the claims on file 

, ^meantasubstancehavinsthesamebiologicalactivityasdescribed 

By analog is meant a suu , ^ hormone. 

20 hLeandhavingatleastaa^omologywithnamraloco^ggrow 



lb odyfatcalculatedfromtotalbod y potassium,abdominal 
Le tissue (AT) area at the level of L4-L5 and volume of visceral 




Figure 2. Abdomina) 
computed tomography 
months of rhGH tr< 




d visceral adipose tissue determined with 
f L4-5 in one man before (A) and after 9 



Figure 3. Mean fasting blood glucose, serum 
rate (GDR). 



insulin and glucose disappearance 



EXAMPLE 

Subjects and methods 

Patients 

cardiovascular event or heart disease. 

^sH^as^treatedwith—o ! ^ Stalin rnh^tions. ^tKe , 

.Hn (10 me per day). These medications were kept stable dunng 
3 receiving paroxetm(lUmg per u yj 

the. study period. 

/ CHirlv design 

^srudvwasaSrnontnrandorr^ 



University 
Sweden. 



fee event of Effects. The average ^ 

, / - i7tn01 The placebo vials container 
was 0.17m S per day (range -1.7 to 0).T p afele . 

32-100). 



swdi£ dasou«-patien t sbe f o r eanda ft er6wee k s,6and9 m onths 
The patients were stud*d as o P were performed at all visits. 

, Physiol and laboratory exanunations were p 

THee US lyc-c^— £ ^ heart ra te were performed a, Baseline, 6 

weeks and arfcer , , , heieh t was measured 

^ 01 wwearin & indoorclotrang,andbodyheignt 

to the nearest 0.1 kg wear* & ^culated as body weight 

one minute and the mean value was used. 



(^wasestunatedbyassunong p a five-scan computed 

, c ¥ mv\ was calculated as body weight-FFM. Am 
5 and body fat (BF) was caic n « 0 no measure abdominal 

were determined atthe level of L4-5. 

25 needle asp-rafcon for the ^thesia, 0.1 m lateral to the 

80-C until assay. 



Analvticmethods 

■ ur n adipose tissue was determined after homogentzatior, of the 

^ .mini per -ram adipose tissue and per gram TG. con 

concentration or insulin liKe gro authe ntic IGF-I for 

rv „f ? "5% and 4.2% at serum concentrations ot i^u D / 
within-assay CV of 2.5 /o ana * calculated 
i r The standard deviation score for IGF-I was then cai 
l5 345u S /Lrespectively.Thestandar d sex obtaine d from the normal 

f.ompredictedlGP-Ivalues adjusted forage and sex obtame 

population 18 • 

20 C Vof6.2%a I td5.7%atseru I nconce n t I a tl on S of2.05m S /t 
respectively. 

4% at 2.5 g/L. Plasminogen abator mmbnor (PAD 



usins aS P ec tr ol y se(pL)PAI k it(Bi 0 pooLS t abil y t e ,U m e i .Sweden) W ithatotalCV 
of 10% at concentrations between 10-40 lU/ml. 

Serum insulin was determined a radioimmunoassay (Phadebas, Pharmacia, 
Uppsala, Sweden) and blood glucose was measured by the glucoses-phosphate 
dehydrogenase method (Kebo Lab, Stockholm, Sweden). Hemoglobrn Ale 
(HbAlc) was determined by high pressure liquid chromatography (Waters, 
MiniporeAB,Sweden)andC-pe P ndewasdeterminedb y aradioimmunoassay 

(Santec USA). Free fatty acids (FFA) levels were determined using an enzymafcc 
colorimetricmethodCNEPACWako^euss, Germany), while sexhormone 

binding globulin (SHBG) was measured by an immunoradiometric assay (Farmos, 
Diagnostic, Abo, Finland) and total testosterone by a radioimmunoassay (ICM, 
Biomedical, Costa Mesa, USA), 
ctofistic^ methods 

M descriptive statistical results are presented as the means and standard enor of 
me mean (SEM). Comparisons between the two treatment groups were performed 
by a two-way analysis of variance (ANOVA) for repeated measurements. 
Comparisonsbetweenbaselme values and vaiues at 9 months in the two groups 
wereperformedwiththeStudents't-testforindependentgroups. Correlator. 
were so ught by calculating the Pearsonlinear correlation coefficient. Pearsons *. 
squ are test was used to test tie independence of frequency of hypertension and 
^gbetweentherhGHandplacebo Seated groups. Before 
Iog aritmic transformation of data with skewed distribution was performed. A two- 
probability value of less than 0.05 was considered significant. 



Results 

The two groups were matched with regard to age, body height, body weight and 
waisthipra^anddidnotdiffersisnmcantlyregardrngnumberofsubjectsw-th 



from each other in any of the variables studied, 
finri" ^Trmosition 

5 ^patients^eanoveraHbodymass.dexand^ee.nassdid.otchanse 

. A h „ o, + 9 d% during rhGH treatment in 

whilemeantotalbodyfatdecreasedby9.2±2..,oa g 

Ilterdecreased^esponseto.hCHwhnenochangeoccu.ed.mep^o 

° , . L4 . 5 decreaS ed in response to rhGHby 6.1 ± 3.2% and 18.1 ± 7.6 /o 

Je + 2.0^8 % and-3. 2± 7.6 %r espect i vely.Mo re over,thevo 1 umeov 1 sceral 
IIposedssuedecreased.therhCH.eatedg.oupby^.S.S.wheno 

^ Jsdecreasedbyl, 5 *,S % , w h.e the percentage o f subc— 
Uposetissueo^etoUadiposet.sueatme^ofU.SmcreasedbyS^l, 

% in the rhGH-treated group. 

- ■— -— —- ' 

subcutaneous adipose tissue . (Figure 2) 
B L lm tdHb A lcCrahle3and F ^e3,.The S erumconcentrat I ono f C-pept 1 de 



• 4. ;„rrpase at 6 weeks, but the 
^eased^e^H^ea^pdue.a — -ease 

„ „ the GDR showed an initial decrease after 6 weeks of 
mtherhGH treated group* ^ ^ 

^tmentfoUowedbyanmcrementwhue* P einGDR 

• A * slieht reduction over time (ftgiae a). H» § 
5 d emonstratedashghtr compared w,th 

baseline wHle in the group rece.v „ P ^ 
^/^occurred.Thisdifferenceherween^etwogrop 

IrcorrectingtKeGO.for.eamountoffat-rreemass. 

^inverse correUtion was foundbetween the change 
10 fo the rhGH treated group, an mverse ^ ^ 

(Table 3) q3 
.emeantotalc^^ 

placebo group were from 5.4 ±0.3 to 5.5 _ 
±0 26 mmol/L respectively. 



Bloodoressure^ 

Mated group. The corresponds values rn . _ 

ire or heart 

^^^(P^^Nosisnificanteffectsonsystohcbloodpr 
rate were observed between the two treatment groups. 

■ aniSIiBGCTable^ 

ttheseru mIG F -I concentration was low normal inboth treatment 
Beforetreatment,theserumI concentrations 

, v.rH h-pated eroup as compared wiui F 

^'IZZ CHtreated group wt uie at 9 month the mean serum ^ 
13 p^ctedmeanmt, r ^ ^ ^ mean . Serum concentrations 

T ^i^nots^annvartectedb.rhCHtreatment. 
of testosterone ana =nuu 

Sidezeffgcts 

j cMo^ffects were observed in 8 subjects 
Hodrop.utsoccurreddur.gthestud,^ d**- ^ Bve had 

peIspl ration. Theses, nonse t0 a reductio n in dose performed wxthm 4 



spontaneously- One man 



from the rhGH seated group 



with medically treated 



and transient peripheral edema. 



was taken off treatment after 



8 months when he experienced an 



Figure 1. 




Mean total bodffa. calculated from total body potassium, abdominal 



rhGH or placebo in 30 menwith 



abdominal/visceral obesity. The horizontal bars 



indicate 



L SE for the meanWes shown and p-values denotes the differences 



between the two groups by two* 



■ay ANOVA for repeated measurements. 



Figure 2. 



a ■ r*r*\ acitoose tissue determined with computed 

adipose tissue (shown as dark gray area in the hguxe). 
Figure 3. 

^fasnns-d.ucose.se^ — ^^T^ 

horizontal bars indicate the SE for the mean values shown 
rdifferencesbetweenmetwo.oupsbyt.o-wayANOVAforrepea^ 



25 



Digression 

^ serum concent of total choles^o. and ^de deceased. 
Furthermore, diastolic blood pressure decreased. 

^^yselected^ofcc.paraUease^tne^eo,. J»„ 
, W^httomoderatemetabcHcchansesknowntobea.soaatedw* 

rvalues obtained during the euglycemic glucose damp,althou 0 



overt diabetes. 



^^.eusedalowerdaayrbGHdosethanpreviouslyreported.tnals 
T * ^vadults^^^eWtialrhGHdosesadm^atedwere 

aPP ^ lyto ^ILL. After dosereductiontheaverageseru^-! 
^IT^ ^Il.enormalrange—g.attbedosesofrbCH 

Zstudyu.con.parisonwitbprevioustrlalsinbealtbyadu!^. • 



differentta diffe r entadi P osetissueregions . 

• *r effects even after the administration of 
GH ^ d ^ to "C- — tobe.ep^palfactor, 
physiological dose, of rhGHGHh hesocaUed 

., aW nph—n J^^^^pn*^** 

Thus, our observa 0 on of increased ^ 

^d.obea.^ue^of.hehepa.ctDL.ecep^ 
GHhasbeen found tobe an ? ^ ta total cholesterol* 

conceivable an effect of enhanced ^^^^^^^ ation ] ass been reported to 
GH 35. ^healthyad^short-terrnrhGH^ ^^^^ 

M ^eserumtriglycerideconcentra.on . ^ ^ 

concentration also displayed an initial m 

to the liver and a direct 

^couldbeaneffectofbothanincreasedfluxofFF 



sWatoryeffectontheesterificationofoleicacidint^glycerideand 

phosphors in oocytes * in response to GH which in turn enhances the 
CLdens^Upop^p^on^the^.Howeve.a^^onth, 

ofrh GH treatment se^ triglyceride concentration had decreased agam 

lown to bemversely related with thevery low density lipoprotein secret rate 
from the liver and serum triglyceride levels * 

taresp onse to GH-Itmaythushe speculated thatthe suggested .nnuenceofGH 
be a potent stimulator of LPL. 

^ofreducedperipheraivascuiarresistanceS^emechanisn.b^e 

lon^ohesityand.creased^sens^ty.Oormoredirectthroughthe 
action of IGF-I on the vascular wall « 

AMominal/visceralobesityisassodatedwithincreasedplasmaahrinogen 

. dpAI lactivity 42, 43 whi ch both are established risk factors for 

95 myocardial infarction and stroke .ine&B / 

concentration^.mGH-deEcientadults.ZyearsofrhGHtreatmenttendedto 



, . ^r.r P of the duration of rhGH treatment u 
illustrates the importance of tne a 



effects of GH. 
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errecu> ui v_>x - 

^■eshaveshownthattestosteronetre^entofrniddle-agedmenwith 

abdominal/visceral od y _ se 

14 46 Since testosterone treatment of men witn nyp 0 

GHsecretion^thesimnarinesbetweentestosteroneand 

hypogonadism increases GH secretion ddiaveot 
rhGHtreamtentmightbeexplainedbymcreasedGHl.elso 

^ceHectso.GHandtestos.eroneonadipose^emetaoo.m . 

thata^tedGHsecretioncouidbean^ortan^ ^ 
^etaboUcandcir^o^^ 



adiposity. 



Table 1. 

Clinical characteristics of the cohort of 30 men 
Patient characteristics 

Number of men 

Mean age (range); years 

Treated hypertension; no. 

Present smokers: no. 

Body height; m 
[ Body weight; kg 
; Waist hip ratio 



treated with GH or placebo for 9 months. 



GH 

16 

58.3 (48-66) 
2 
5 

1.80±0.02 * 
10l.7±2.4 
1.0110.01 



placebo 
14 

57.9 (52-63) 
0 
2 

l.77±0-02 
96.2±2.6 
l.03±0.02 



* Plus-minus values are 



means ± standard error of the mean. 



18 



Table2 ' • ^ference sagittal diameter and 

nominal visceral adipose ussue (AT) area the 



placebo treatment. 
Variable 




Visceral AT; cm- 
GH 

Placebo 



26.1±0-5 
25.5±0.7 



126+15 
163±16 



25.9±0.5 
25.3±0.8 



121±19 
147±13 



107.6±1.7 
109-3+2-3 

25.2±0.5 
24.6+0.9 

98±14 
142±12 



109.8±L9 
U1.0±2.3 

25.010.6 
25-5±0.8 

99+15 
150+13 



(SEM). 



1 values are expressed as the mean 
# p.values denote the differences between 



the two groups by two-way 



ANOV A for repeated measurements. 



19 



TaWe , „■ C-p=p t .d=,^cKo. e s KI o 1 ,,n gl yce rid es.Upopro K .n 

M „=*s of ^ycosyia^ h^globu, (H*A ) P ^ 



Variable 



Baseline 



HbA.lc; % 

GH 

Placebo 
C-peptide; ng/L 
GH 



Placebo 
Total cholesterol; mmoVL 

GH 

Placebo 
". Triglycerides; mmoUL 

GH 

\ Placebo 

1 L PL activity; mU/g AT 

GH 

Placebo 
Fibrinogen; g/L 
GH 

Placebo 
PAI-1 activity; U/mL 
GH 

Placebo 



5.2±0.1 
4.9±0.1 

l.uto.io 

1.28±0.27 

6.1±0.2 
5.4±0-3 

2.09±0.29 
1.65±0-13 

287+26 
224±31 

3-13*0.13 
3.03+O.H 

31.3+6.4 
17.0+3.8 



5.2±0.1 
4.9+0.1 

1.60+0-13 
1.30+0.27 

5.710.2 
5.6±0.2 

2.60+0-42 
1.80+0.20 

205±15 
228+29 

3.44+0.10 
2.73+009 

23.2+2.6 
22.9+4-2 



5.4±0.1 
5.0+0-1 

1.30+0.17 
1.28+0-32 

6.1±0-2 
6.1±0-3 

2.31+0-23 
1.85+0.22 

ND 
ND 

3.49±0-13 
3.39+0-28 

18.3+3-1 
19.9±4-5 



5.3±0.1 
5.1+^-2 

1.18±0.07 
1.42±0.30 

5.4+0.3 
5.5±0.2 

1.78+0.23 
2.05+0.26 



0.02 



0.006 



0.02 



371±65 
263+25 

3.2410.19 
2.8410.10 

22.9+3.5 
27.1+6.3 



0.04 



0-4 



An™,--.-*--- 4 - — ^ ^.^o-wayANOVAfor^"-— ' 
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Table 4. 

Measurements of serum 



IGF-I, IGFBP-3, free fatty acids (FFA), testosterone 



and steroid hormone binding 



gl „ b uU„(S«BG)i O 30m=n, d unn g 9 m o„«hsofGH/p 1 ac=bo« rc aun OT , 

6 weeks 6 months 



Variable 

IGF-I; jig/L 

GH 

Placebo 
IGF-I SD score * 
GH 

Placebo 
, IGFBP-3; mg/L 
GH 

^ Placebo 
FFA; umol/L 
GH 

Placebo 
, Testosterone; nmol/L 

!; GH 

Placebo 
SHBG; nmol/L 
GH 

Placebo 



Baseline 



134±8 
120±11 



-0.82+0.17 
-1.07±0.23 



2.36±0.13 
2.10+0-16 



0.77±0.07 
0.73±0-05 



14.611.2 
14.6+1.0 



26.4+3.4 
28.1+2-9 



338±16 
121±11 

3.3010.35 
-1.04±0.23 

3.20±0.10 
2.21+0.17 

0.99±0.H 
0.73±0.05 

12.9±1.0 
15.4±1.2 

25.5+3.5 
29.1+3.1 



320123 
129112 



2.91+0.49 
-0.8710.24 



3.1910.13 
i45!0.21 



0.7810.11 
0_59+0-06 



13.911.3 
17.612-1 



25.913.1 
29.213.2 



9 months 



268123 
119112 



1.89+0.48 
-1.0810.25 



2.7110.14 
2.1810.19 



0.75+0.07 
0.67+0.05 



12.411.1 
14.6+1.3 



23.412.8 
25.512.7 



<0.001 



0.001 



y ANOVA for repeated measurements. 



All values are expressed as the mean (SEM). 
Sprues denotes the differ between the two 

and sex obtained from the normal population «. 



10 5. 



References inm1 . 
206-222. 

, ^enGH^eo* — resistance in ^an disease. Diaoe.es 
1988;37:1595-1607. 

Acta Endocrinol 1993;128(Suppl 2):2-5. 
Phvsiol Rev 1995;75:473-186. 

1993;129:195-200. s 

e A w r Sharp P, Nicolaides AN, Johnston DC 

' -r°'«— " d ~ why " 

30 Metabolism 1992;41:882-886. 



tj- id P Low concentrations 

19 95;80:3209-22. ^low dose euglycemic 

18 Lan to -Wi3helmsen K .W^^^ 
? ^cto^a^dom^^ 

19 . KvistaCKowdK^^ 
volume detention in males y 

1988;li249-266. 



20 



30 



approach, uxioiu- 

PracticalApproachSenes; rfton «tadn fatty adds in 

,■ Micodetenmnationoflong-<m 

plasma and tissues. J Biol l_ne 



nt riaesonG. Methods for 
P Knos M, Gustavsson S, Aurell L, Claes° s _ 

detenronationotp 

^dhealthinmen.Thesta y rf-fflW » 

adrntaistrationofrecornD 
^docrinolMetabWO^O^lW?- 



^Me^^^. ^^^^^ 



mrne uover60yearsold.N E n S , ^ 
nB A Ede n S,LomL,etal.Trea^f a 

19 93;76-.309-3l7. -u 1 t? Effects of systemic growth hormone 

Wdefidentchildren.^Endocn, Aconmon occurrence in both 

^ TE The "dawn phenomenon -A NEnljM ed 

l9 84 ; 310--746-750. Combined ef f e ct of 

. CSS"— 

47. Tntt ^ nf 



20 



treatment °f hyP°P^ SeCt0 ™T 989 . 123 ;429-435. 



treatment sbm^es ' 

jOrgensenlO.^rowu activity- Am "Y 5 . ... 

Uosi-an d«*— » ^ teMl ejects o f 

39 CaidaWK,EdenS,Bengtsson Q 

Jowtn-notmone.CBnEndo^^., 

„ enGMUtheUaLandsbe.gt.H^^-^ athoairen al system. N 
abnormalities m. 

WlMed^^S, ^^.U.e^wtKfactct-1 
^esforearmbloodflow., ^ d 

relative body weight » 
Metabolism 199U^^ 



25 



30 



Med 1984;311:501-505. 

I ,taL The effects of testosterone" treataent 

1992;16:991-997. 

isolated y f & OTO wth hormone 

r> -c^o« q Additative erfects or grow u. 

Endocrinol 1995;147:147-151 



15 



